Background: Type 2 diabetes (T2D) is accompanied by elevated inflammation, oxidative stress, hyperlipidemia and hyperglycemia which all contribute to cardiovascular disease pathogenesis. Saffron as a complementary medicine and source of antioxidants could play a role in alleviating diabetes and its complications. The aim of this study was to determine the effects of saffron supplementation as an adjunct therapy in T2D. Patients and methods: This randomized controlled trial included 80 T2D patients with a mean age of 54.1 years. Participants were randomly assigned into two groups to take either saffron tablets (100 mg/day; n=40) or placebo (n=40) for 12 weeks. Fasting blood samples were obtained at the beginning and after the intervention period to quantify glycemic factors, lipid profile, and biomarkers of inflammation and oxidative stress. Anthropometric indices and dietary intakes were also measured at baseline and at study end. Results: Compared with placebo, saffron supplementation resulted in significant decreases in waist circumference (p<0.001) and malondialdehyde (MDA) (p=0.001). There was no statistically significant difference in other indices, including anthropometric parameters, serum insulin, fasting blood glucose, HbA1c, insulin sensitivity indices, lipid profile, high-sensitivity C-reactive protein, total antioxidant capacity, and tumor necrosis factor-α between the study groups (p>0.05). Conclusion: Overall, 12 weeks of saffron supplementation in diabetic patients had beneficial effects on waist circumference and serum MDA levels. However, saffron did not influence other evaluated cardio metabolic risk markers in diabetic patients.
Introduction
Type 2 diabetes (T2D) is characterized by three pathophysiological abnormalities, including impaired insulin secretion, insulin resistance, and excessive glucose production by the liver. 1 T2D is currently one of the most common chronic diseases in the world, which is projected to reach over 650 million people worldwide in 2040. 2 The prevalence of T2D in Iran is between 1.3% and 14.5%, which increases with age. 3 The WHO estimates that diabetes is the most commonly reported endocrine disorder in the world, accounting for 4 million deaths annually worldwide. 4 T2D is a major risk factor for cardiovascular disease (CVD) and a risk equivalent for coronary artery disease. 5 Impaired insulin secretion as well as hyperglycemia is a causal risk factor for macrovascular complications in diabetic and non-diabetic persons. 6, 7 Although the relationship between insulin resistance and vascular diseases has been shown, an exact mechanism for the association between T2D and atherosclerosis has not yet been proven. 8 Chronic inflammation is an accompanying feature of T2D that is associated with disease progression and complications. 9, 10 The metabolic syndrome that is characterized by increased waist circumference, insulin resistance, hyperglycemia, dyslipidemia, and hypertension is associated with an increased risk of developing T2D and CVD. 11 The control of metabolic syndrome and cardiovascular risk factors can decrease the risk morbidity and mortality of T2D. 12, 13 Treatment options for T2D include lifestyle modification through improving diet and physical activity. 13, 14 Although there are many drug classes to improve glycemic control of diabetes, they have limited efficacy in preventing events and diabetic complications. 14 Therefore, using complementary and alternative treatments, particularly botanicals, has been suggested to improve glycemic control and CVD risk in T2D patients. 14, 15 Saffron, a spice derived from the stigmas of Crocus sativus L., has a distinctive smell, taste, and color that makes it a widely used flavoring agent in cosmetic and food preparation. 16 Saffron contains more than 100 active ingredients such as crocin, crocetin, and safranal, and has been shown to possess anti-depressant, neuroprotective, anti-tumor, anticonvulsant, anti-hypertensive, anti-ischemic, hypolipidemic, antioxidant, and anti-inflammatory effects. 17, 18 In previous studies, the positive effects of saffron, either alone or in combination with other herbal medicines, have been shown on the risk factors of T2D 19, 20 but these results are inconsistent and subject to heterogeneity due to different doses of saffron and different durations of supplementation.
The present study was therefore performed to examine the effects of saffron supplementation on anthropometric, glycemic, lipid profile, inflammatory, and oxidative indices in T2D patients.
Materials And Methods Participants
During the period between December 2015 and October 2017, 90 patients aged 30-70 years referred to the Iranian Diabetes Society and Institute of Endocrinology and Metabolism, Firouzgar Hospital, and fulfilled the inclusion criteria. The studied patients were diagnosed with T2D by an endocrinologist on the basis of the findings of the hematological tests and have the criteria for our examination. These criteria included disease duration for at least 3 years, HbA1c level of 6.5-10%, taking no nutritional supplements for at least 3 months prior to the intervention, no smoking, and alcohol abuse during the last year and body mass index (BMI) between 20 and 35 kg/m 2 . The exclusion criteria were as follows: insulin therapy at baseline or amid the examination, changes in the type or dose of drug treatment, changes in lifestyle such as physical activity and food intake, any acute diseases or chronic illnesses, smoking, pregnancy and lactation, consumption of saffron or other herbal supplements, saffron hypersensitivity, and taking of less than 80% of the intervention amid the investigation time frame.
Study Design
We conducted a prospective, double-blind, placebo-controlled, randomized study that was registered in the Iranian Registry of Clinical Trials (IRCT, www.irct.ir) under registration no: IRCT201510259472N9. The study was approved by the Ethics Committee of the Iran University of Medical Sciences, Tehran, Iran (registration no: IR.IUMS.REC.1394.26583), and a written informed consent was obtained from all subjects.
To estimate the required population size, we used a formula suggested for randomized trials (n ¼ 2ðZ1þZ2Þσ 2 d 2 ). 21 The required number of subjects in each group was 45, considering a power of 80%, type I error of 5% (α=0.05) and type II error of 20% (β=0.20). Totally, 90 individuals were selected at baseline, and were followed for 12 weeks. Subjects were randomly allocated to the saffron supplement group (n=45) or placebo group (n=45). The randomization scheme was generated using a computer-based random number generator.
Measurement
Detailed information about age, weight, height, gender, and medications were collected. Participant weights with light apparel yet without shoes were estimated through an offset with 100 g precision; height, in standing position and without shoes was estimated through a tallness measurer with 0.5 cm exactness both toward the start and the 12 weeks of the study. At the start and termination of the intervention, levels of physical activity were specified by IPAQ (International Physical Activity Questionnaire), which its reliability and validity in Iran are accomplished. 22, 23 This survey evaluates strolling time, moderate and lively power physical exercises, and time spent sitting over a typical
week. This regular physical activity continued within the intervention and participants were asked not to change their physical activity during the intervention. However, the differences between the two classes of the intervention were adjusted in the last analysis.
All individuals were permitted to taking their routine drug treatment according to their physician's prescription. We are taking dietary records (3 days) at the beginning (day 1), middle (day 42), and end (day 84) of the intervention. The mean qualities from each of the three-time focuses were considered as regular dietary intake of patients amid the study. Participants were asked to register all things they are taking during the day, including the between-meal, supplement, and late-evening snacks as accurately as possible. All food records at home were completed by participants. 24 To acquire nutrient taking of the individuals based on these 3-day dietary records, we used Nutritionist IV software (based on US National Nutrient Databank) modified for Iranian foods that the reliability and validity have been accomplished previously. 25 Ten milliliters of fasting blood samples were collected in 10-12 hrs fasting state at the starting and 12th week after the intervention at the Tehran laboratory. The serum was obtained by high-speed centrifugation (3000 rpm) at 4°C for 10 mins and was frozen immediately at −80°C until assay.
The concentration of insulin was determined by the immunoenzymometric assay (ELISA) kits (Monobind Inc., Lake Forest, CA, USA). Homeostatic Model Assessment for Insulin Resistance (HOMA-IR) and Quantitative Insulin Sensitivity Check Index (QUICKI) were quantified based on recommended formulae: [fasting insulin (mU/mL)×fasting glucose (mg/dL)]/405 and 1/(log (fasting insulin mU/mL)+log (fasting glucose mg/dL), respectively. Total antioxidant capacity (TAC) was determined using a Randox Total Antioxidant Status kit (Randox Laboratories, Northern Ireland). 26 HbA1c level was determined using ion-exchange chromatography. Enzymatic kits (Pars Azmun) were used to quantify FBS, serum TG, total cholesterol, low-density lipoprotein-cholesterol (LDL-C), and low-density lipoprotein-cholesterol (HDL-C) concentrations. Quantification of serum high-sensitivity C-reactive protein (hs-CRP) levels were measured by biochemical analysis using the immunoturbidimetry assay via a Biosystem CPR-hs kit (Biosystem, SA, Barcelona, Spain). The malondialdehyde (MDA) activity in serum (used as a marker for oxidative stress) was measured through a reaction with thiobarbituric acid, a highly sensitive method in order to produce a pink-colored complex. The fluorescent intensity of the pink-colored complex was determined at 547 nm with an excitation at 525 nm using a spectrofluorometer (model SFM 25A; Kontron, Milan, Italy). 27 Intervention After divided of participants to intervention and control groups, patients in the saffron group received daily a tablet containing 100 mg saffron (Novin Saffron Co., Mashhad, Iran), twice a day (at the morning (10 am) and evening (6 pm) with a glass of water and without meals) and those in the control group received daily the same amount of placebo (maltodextrin) for 12 weeks. The manifest of the placebo tablets (including color and bundling) was like to the saffron tablets. All participants were asked not to change their regular diet and intake of food during the study, as well as not to take any supplement except saffron pills.
Statistical Analysis
All data analyzed by means of SPSS software version 18 (SPSS, Inc., Chicago, IL, USA). We used the Kolmogorov-Smirnov test to determine the normal distribution of variables. Log transformation was conducted for non-normally distributed variables. Independent-samples t-test was used for homogeneity of the data. To compare the differences between saffron and placebo groups, we used independent-samples t-test (Mann-Whitney U-test in non-parametric distribution). We used Chi-squared test for physical activity analyses. To find if the magnitude of the change depended on primary values, physical activity, and usual food taking, we adjusted these variables by applying analysis of covariance to acquire the independent effect of saffron supplementation on anthropometric, inflammatory and oxidative stress indices, lipid profile, and glycemic indices. p-Value <0.05 was considered as significant level. All values have been reported as mean±SD.
Results
Initially, 90 patients with T2D were screened. In the current study, 5 subjects in the intervention group and 5 in the control group dropped out for private reasons, need to insulin, migration and stomach problems, and 80 patients were analyzed (Figure 1 ). In this trial, 100% of the assigned powders were consumed in two groups and the rate of compliance in current study was high. Baseline demographic data including gender, age, weight, height, BMI, waist circumference, duration of T2D, and types of hypoglycemic drugs in randomized patients are shown in Table 1 . There was no difference in the parameters between the saffron and placebo groups at baseline (p>0.05).
Based on 3-day dietary records that acquired at study beginning and throughout the study, we observed no significant differences in macronutrients (energy, carbohydrate, protein, and fat) and micronutrient intakes (vitamins A, E, C, zinc, selenium, and beta-carotene) between the 2 groups (Table 2) . Moreover, physical activity level was not different before and after the study (Table 3) .
Compared with the control, saffron supplementation resulted in a significant reduction in waist circumference and this result remained significant after adjusting for covariates (p <0.001) but other anthropometric indices such as BMI, body fat percentage, and weight did not show a significant changes between the two (saffron and control) groups, though weight, waist circumference, and BMI were reduced in the saffron group compared with their baseline values (p<0.001, Table 4 ). There was no significant difference between the study group in terms of glycemic and lipid indices including FBS, HbA1c, serum insulin, HOMA-IR, QUICKI, triglycerides, LDL-C, and HDL-C, despite a significant reduction in HbA1c and elevation of total cholesterol in the saffron group (Table 5) .
Although hs-CRP (p=0.016), TAC (p=0.03), and MDA (p<0.001) were significantly decreased in the saffron group compared with baseline, these changes did not reach statistical significance compared to placebo. In contrast, MDA showed a significant decrease in the saffron compared with the placebo group (p=0.001). No significant alteration in serum tumor necrosis factor-α (TNF-α) levels was observed in either of the studied groups (p=0.796, Table 6 ).
Discussion
Prevalence of T2D and its associated comorbidities necessitate the use of adjunct therapies. 28 Saffron was used in this study owing to its diverse reported effects on glycemic and cardiovascular indices. 29 In this study, we examined the effects of 12 weeks of saffron supplementation on anthropometric and glycemic indices, lipid profile and inflammatory and oxidative stress biomarkers among T2D patients. We showed that saffron intake for 12 weeks among these participants had useful effects on waist circumference and MDA, however it did not influence glycemic indices, hs-CRP, lipid profile, TNF-α, and TAC levels compared with the control group.
In the present study, the use of 100 mg/day saffron tablets reduced waist circumference between intervention group in comparison with and control groups and also significantly reduced body weight and BMI within the saffron group. However, Azimi et al's study reported that after drinking 3 daily glasses of saffron tea (containing 1 g saffron) for 8 weeks no significant effect was seen on weight, BMI, and waist circumferences among T2D patients. 19 This discrepancy in findings might be because of the intake of tea instead of pure saffron. In agreement with our study, in one study that was conducted by Ahmadi Khatir et al, supplementation with 100 mg/day saffron for 6 weeks in patients with atherosclerosis decreased waist circumference and hip circumference but did not affect other anthropometric indices, such as weight and BMI. They also showed that saffron had no significant effect on FBS, total cholesterol, triglycerides, HDL-C, and LDL-C. 30 We did not observe significant changes in lipid profile parameters such as triglycerides, total cholesterol, LDL-C and HDL-C concentrations, and glycemic indices throughout the intervention; however, in another study supplementation with 1 g/day saffron with other herbal medicine such as cinnamon, cardamom, and ginger in type T2D patients for 8 weeks significantly decreased total cholesterol and LDL-C, and increased HDL-C levels compared with control but the combination herbal product did not have any significant effect on FBS, HbA1c, and hs-CRP. 19 The significant effects on lipid profiles are probably due to the combination of several types of herbal medicine and their synergistic effects with the mechanisms of increased activity of antioxidant enzymes and the improvement of insulin sensitivity. 31, 32 In Milajerdi et al's study, saffron extract intake with dose 30 mg/day for 8 weeks among T2D patients could significantly DovePress decrease FBS; however, these effects were not significant on lipid profile and HbA1c. 20 In another study, saffron supplementation with a dose of 30 mg/day for 4 weeks did not have a significant effect on lipid profiles in patients with major depression. 33 Oxidative stress is the cause of numerous chronic diseases, resulting in an imbalance between the production of free radicals, and the inability of the antioxidant systems in the body to neutralize these free radicals. 34 In an experimental study, crocin as the main ingredient of saffron could improve insulin resistance and lipid profile in diabetic rats. 35 In another animal study, crocin was shown to improve inflammatory factors, glycemic indices, and obesity in diabetic rats. 36 While crocin appears to improve cardiometabolic risk factors, its content in the crude saffron may be lower than that required to elicit a pharmacological response. At the end of our study, except MDA there were no significant changes between two groups regarding TNF-α, TAC, and hs-CRP reduction. Saffron intake caused a significant reduction in TAC and hs-CRP levels in within-group comparisons. Saffron contains some components such as anthocyanin, flavonoids, saponins, alkaloids, and tannins which may have contributed to its anti-inflammatory effects. 37 In the previous in vitro study crocetin derived from saffron has been able to reduce levels of MDA, free radicals, and increased the elimination of free radicals. 38 The exact mechanism explaining the effect of saffron on anthropometric and glycemic indices, lipid profile, and oxidative and inflammatory biomarkers is unknown. However, the probably mechanisms that saffron may be able to improve the inflammatory and oxidative stress markers include increasing the levels of glutathione reductase, and scavenging free radicals. 39 In addition, saffron has antioxidant and anti-inflammatory properties and may improve micro-vascular and macro-vascular complications of T2D. 40, 41 In a systematic review and meta-analysis, it was shown that saffron and its constituents have significant effects on body weight, waist circumference, and diastolic blood pressure, but there was no significant effect on BMI, systolic blood pressure, HbA1C, lipid profiles, and fasting insulin levels. 42 The contrasting findings may be due to different doses used, different content of crocin in the administered supplements and different baseline properties as well as durations of follow-up. 42 The current study had some limitations. We did not determine the effects of saffron consumption on other biomarkers of oxidative stress and inflammation, such as superoxide dismutase, reactive oxygen and nitrogen species, matrix metalloproteinase, and other biomarkers. In addition, we could not measure the metabolites of saffron inside the body. Due to the fact that the given dose of saffron in the present study (tablets containing of 100 mg/day saffron) did not lead to any clinical complications, it is suggested in future studies to use higher doses of the saffron. Moreover, given the anti-diabetic activity of saffron ingredients such as crocin, future investigations are required to test if individual saffron components can improve T2D risk factors. Some of the main strengths of our study were the assessment of markers of glucose metabolism and its randomized design. In addition, differences between the two groups were minimized because the subject population was well defined by the inclusion and exclusion criteria and all individuals selected from the same health center and having exact data on diet and physical activity.
In conclusion, this randomized double-blind controlled clinical trial demonstrated that saffron (100 mg/day) intake for 12 weeks in type 2 patients had beneficial effects on waist circumference and MD levels; however, it did not influence glycemic, lipid, and inflammatory indices in comparison with the placebo group.
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